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[^SiS^S] 760519-2397519 

449-900 

[^3] KR 

[SAI01l£j3gCH&^gAH#|°l LHg] 

IgDHmi}] 2003.02.16 

[^A|] 11142^21 ^§011 21 & iS, X||60££J ^§0il £J 

§h MS!£! AF S S^U-LICK Pldiej 

°JS^ (21) cn£iej 
31^4= (oj) 

I^ISi^g] 20 0 29,000 SI 

PU*S£!S] 27 3 27,000 SI 

0 2 OS! 
[^jAFS^S] 39 m 1,357,000 SI 

1,413,000 SI 

[§!¥AHW1 1. fi^AH- SAj|A|(£S)_m 
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#€3- 7l ^ ^ zl w 0 >^ {PHASE CHANGE MEMORY DEVICE STRUCTURE AND METHOD FOR 

FABRICATING THE SAME} 

eh 

£ 3b^ £ 3a<^l 7l ^ ^7>ofl cfltb ^^l* £^1*1:4. 

^ 4a^ 4^- af^ 71 <3 ^7fl- 7fl^ S^Kr ^£ 

5L 5 51 -g- aV^-^tt ^HH 4= Aj-^g}. 7 j<3 ^} ^ hJ-^ o. ^ 

101 : «V£*ll 103 : ^> ^-s) <^<* 

105 : 7\)o}b. ^ 107a : J= efl<?] ^ 
107b : ^ ^ 109 : H^li^ 

111, 115 : #^V^^^- 113a : ^ftifl^I 
113b : sfljE. 117 : ^H^^ 

119 : 121a : #£3- sfl^ 
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123a : 4 VJ f^ 127 : <£tf% 

129 : ^-^^^^ 128 : iLS^^sj- 

133 : «fl^l 

<16> tili^l 71^ ®& %°-3,*\, ^Ml^>7fl^ ^3}- 71^ 

<17> ^}#^ 3^ ^o} S]^-g- uf), C-flolE^ i-R- -fHF-ofl HTfl 

7l^ i^} ^ 7l^^>S. M-Y^ ^ XJ^. 71^ i^t^ 

^>s.o]4. ojsq- ^ 7^^^o] 7] <^ ^7>#^ ^ofl tcfE> ^e) "0" 21^ fee) 

<18> 71^ i4°J ^£r, ^7l^<?] el^ell^l ^8.SH, ^ ^^^o] 

4^1, ^ 4i7>Sl ^-f , Ti^AlE^^ ^7>Al7l7l ^sfl ^ ^^O] Al£5lJ7 



^1 EH ^^l ^7>^ ^^S. ^-7}% cH^Tfl ^tf. 

<19> £g -M^Sl #£fl^ 71^ i3#^ aV£*fl 7lt«l 711 o]H ^^^1, ^-B-7ll 

°1H, -fr*!*^ ^ ^HTflolHS. TflolH J^-g- SHrCK §efl4l 71^ -iofl C-HolBfl- 71 
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^o] Aj-^g}. 7 ]<^ ^>o}rf. Aj-^g). ^ofl ! (heat HI ^ ^ 

^ ^-^7} ^3}- A)--g-*}-c}. -f-Aj-^ ^jj. §^ S A-1 Tflsnf^CGe), 9}t]5L 

M (Antimony; Sb) ^ "i^f-^Ctel lurium; Te)AS 2^#(GST Ge-Sb-Te) 

# ^>-§-W. ^2}- #^ofl <*-§; ^<5>7] A o V^^ ^ufofl ^Sj^^Cf. ^, 

-S^tt 5L7l * ^ a1^_H1 £]^H GST^l ^ 41-^7} a o Ve}] 

^ ^ «]^^ tflSflfe A-l^Vo] ^Cf. ^ Aj-Bflofl oj-sfA-] ^f^l 3.7)7} *) 3. Cj-e.7) 

GSTofl ^ H7l^ ^-Aj^d-ions) «?l7l-*>^ 7><1) ^^5}- 

I* -§"8- 3 Ye (9 610°C) 77>^ ^o]ji i^Zj- Ins DjoV) A]7l^ 1^ 

GST Y^rOl ti]^^ Aj-Efl^ ^Cf ^-Hfl). ti>^, Aj-^^o.^ ^ ^s. 

«- ^1^(9= 30 - 50ns ^JE) ^]7H><^ (^^ 7>1) GST^ -§--§- -grSiiLcf ^ ^33- 

450°C)5L AlfJ ^ ^a]^ <§-§: ^ GST ^ Y^-gr ^ 

7> €cf ^m. 
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<23> E l^- 5,933,365^^1 7flX|€ tfigaj. 7]^ ^^cf. £ loflA^ 

11, 17-^ ^<a^', . ^^Jl 13 ^ 23£r $.7)^ 3^ (electrical contact layer) -8:, 
^Jl 19^ ^"^Sl-^-i-, 15 ^ 2l£- ^sKMl Kheat)* ^s^l ^tr 7}^ 

(heating layer) -§: £ loft ^-o] ; 7}^^-(15)# ^#^7]^ ^ ^tg 

°1 ^^^-(17)^11 ^^SlJI =L ^ ^-§r ^^4}-^-(19)3f 7> < lB|(15)ol oicf. 

^T^M, 7>tBl-( 1 5)^. Jg^A) <go] Aj-^^nl-dg)^ ^S^g 7 ><g BV( 15H1 ^*Rr ^ ufl ^ 

^T, 7><ieV(15) ^ #£3^(19)3 ^^MM*^ A^^nVo} ^ Aj-Bfl 

<24> ^1^1 o]s% ^2^$] 7><i^-(15)ol AV«j-o. S ^711 s| ^^(plate)^ol7l nfl 

7><i^(15)l- ^^(19)^1 to] cfAl 7 r <I^(15)^- ^f-*lH ^Tfl sKrtr 

^. 14^1, HSZl^-i; ifltr ^ ^7> nfl^- ^Cf. 

^p-al^ ^-^S)- 7l^ 7fl^^o.5. £Al*Vcf . 

<26> £ 2°)}^, %2l^3L 15*£r ^Sr^-Sr 7><i^^ #eizi^ 

^^^i-, %^3L 19'£r #£3^-g-, Q^S. 23'^ ^^i^-ir 7>^?lcf. 

<27> i 21- ^-^M , £ 1^1 7}^a5)^- ^ ^^^-(11')* #-§-^ #^ZL^ 

^^(15' H ^3^(19' HI 1^ ^tr^. #eiZL^ <5>^*iq-(15' )iLS. *l*fl ^£K V 
(19' HI ^£7f ^7^1-711 S]^- Str 7>1^-3t|. ^ <gSKr°l ^Sj-^cL 
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, #£SW19') ^^(23' )^ z\^o] jz-o^ 3.71- 7M7 i ufl§-ofl f o^e] ^ £S 

^7} ^Jl^cf. 
[^ol ol^i7> 7l#^ I^] 

<28> o]o\), £S2? ^ H71!- #H ^ Afl S ^- ^ S o} 7l<^ ^> 

<29> AJ-7] a. M^o] S.^^- ^§>7l 11 ^Hl <*H #^3* 7]^ ixfe 

21^01 ^ ^-^Sj- sfl^-g. ^til^. 

<30> A o v 7 j ^ 2 *a^h8: ^l-^l^^-7l#(photolithography)ol ^H*}^ 3.7}S, 7}^-^ ^7\] 

3". "4^1, £ Aj-7] Aj-^jr}. #^ sflH^r #^01 ^o^}^ 3.7] ^.Cf 

C) ^ 3711- 7>*lt}. ^J2l-^ ^= 3711- #^2] ^ ojcf. Sfl^^V^ ^5}- 

sflB}^ 3 7 1 7 }. ^ ^JL ir^a^ ^ 371^ #^*>7l ufl-g-olcK 

<3i> l-^sv 3x)l^^. a 0 v 7 ] ^2*1^-1} 3-8- <H*lt!: a7ls}-£ 7}^^ a. 

^V^o] Aj-^Jr]. 7 )cH «J ^"Eflofl ttl-5^, 4V7I Aj-^s}. ^^nV sfl^^. ^ ^l^^Cf 

3 # *r $2^. 5Efe 7l^ ^7fo] cfs- Aj-Hfl^ 45 ^ Aj-7] AVt^ ~-;gn}. 

^fl^^r 4 V 7l ^l^^ ^7^ ^ ^ olcf. 

<32> <aj ajaHI^i oiojAi, ^"71 ^i-^Sl- 5fl^^ Te, Se # ^>M- ^sqjn. 

Ge, Sb, Bi, Pb, Sn, Ag, As, S, Si, P, 0, N ^MS. c^v ^em^ #^51 

S 3 ^1* A^, ^-71 ^2}- zfli^ Ge-Sb-Te, As-Sb-Te, As-Ge-Sb-Te, 
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Sn-Sb-Te, Ag-In-Sb-Te, In-Sb-Te, 5A^ ^i-Sb-Te, 6A^ ^i-Sb-Te, 5A^ ^i-Sb-Se, 6A^ 
^-Sb-Se ^-g- S.^ ^ 

-f-O^ ZLl-oflAi #«}^ ^uf o]s.^ S^-nV^ - olcf. cfl^tfl, #7l 

^-fHRr _5L^i^ ^^^-(TiN), ^s^iM-OaN), iHffi(MoN) , 

(NbN), ^^^^^(TiSiN), ^^^l^^CTiAlN), ^s^iL-M ^(TiBN) , ^s^s^ 

(ZrAIN), ^^^§#&l«.^l(MoSiN), ^^nl^l-ii) .^(MoAlN) , ^^^-Qlk^ 
(TaSiN), ^^Pl^fHffCTaAlN), ^iKVSJ-El fKTiON) , ^^3^^^^.^ ^(TiAlON) , <g 
sH+s^^CWON), ^sK>3^ig--§-(Ta0N) ^ ^014. 

^-f-^Rr ^*-§: #7l *]]2*i^Ml #7l^°.5. ^SKr ^afl^i ^, c-flolE-1 efo]ol 

#7l *fl2*i^ *>-?-ofl ojc^ ^#-^» ^^js. ^-71 ^2^^-s] ^ £ 

^71 *fl2*l^ ^1 ^^V^ A o V 7l 2flE}# l-e^l-Tll ^Cf. ^7l ^Ci^ 

*#-¥-fe ^7l ^-^5)- #*J<3j- 3fl^oll 1°1 ^l^-S ^ «oMW. 
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l^^Ml sl«fl 3^=1^ ^^-i- t^e* ^^ls. *8>£€ 3 

4 s $14. oflSrfl, ^"71 ^^^#(Si0 2 ), ^Sj-^el^CSiNx), *3^>5H3e|^ 

(SiON), W^^-^-e-(AlOx), ^^^(Ti0 2 ), ^rSh^^^Os) , ^^ = ^(Hf0 2 ) ^ ^ 
2_ e>M- 5E^r *>i4 S^-o]cf. 

^€ H^^l^Ei* ^l^Kr 71^4, ^"71 7l^r «B^1^ ^^^^4, ^"71 

o^«. Aj-ofl tifl^S} -^nV sflBlJ!)., Aj- 7 | Aj-tg^ # ^nV Aj-ofl Hfl £M #7l 

A o v ^^ « ^ ^7l ^^^cf c-i ^ tf-^^M-, 3<H£ ^-71 ^Hf^-i- gsMi- 

3> <U ^Al^jofl tc).^. Aj-t^ 7l <^ ^ # ^nV ^ Aj-a.^^- 

£ CF 4 5£^>^ ^<^V Aizj- ^2}- #^-g- a]z^ u^6\)^ CF 4 7> 

> «J ^Al^ofl o^i, a o v 7] Aiz]- 7f>i^ Ar ^ Cl 2 » ^^4. «>^*>7fl Aj-j^ 

^rn-& Ar, Cl 2 , ^ CF 4 7 r ^# A}-g-^ aiz^ji aJ- 7 ] aJ-^s)- Ar> C i 2 A> ^. 

^^"W. ^Hl ^5^- Aj-a-^^cl- ^ 3.7} 9) ^S\- #^nV S)]^^- ^Jol 7 > 

^^>4. CF 
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4 ^ -B-^-i" 3^*1 S^JLS*!, ^-^iM} ^L^i %f>\^ ^711- 7>^m A o^s} # 

<40> Q] ^Aj^oH XX\^ 71^ i4 ^ 5^1^^ 71^ 7^*}^ 

4 2]^o] Aj- 7l ^a.^^^ 3^ Al-t^ # ^nV 2]]^^- «g^*H=. #7^, ^"71 ^VJf 

*d^ ^ A o^S]- 2fl^ol 7]^. ^ofl AVtL^^nj-^. ^ ^ ^ C^J-g. ^ 

^*Kr ^l^r, A o V 7l 4 Vi f ^d^^ A oHl 4i3 ^*Kr 1=1 71154, 

^>7l AlZ]- n>^3. ^B^l cq*fl Aj-tL^^aV^. ^ ^ z}- #7] ^Jf^^. 

^ #7)l<2}- ( ^S)- l^Sg- ^12^^M Aj-7) A^,^ lt ^ 3]^ol Aj-7] AVt^ 

Sfl^d^- ^*Rr ^l^}-, ^7l Alz| u>^H. sflld-gr ^l7l^>^ ^TllS ol^-o^t}. olnfl, 

A oM ^f^^Ml cfl*i ^l^zi-^ cf 4 ♦ ^ 71-if ^^s^ 

^Hl tfltb ^12^1 A oM ^11^1^ Aiz]- 7 >^# A>-g.§>sl Ai^-oi ^£1^1 CF 4 7} 

+ $-b£o] S^IAS ^l^^cf. 

<42> #7l ^fll^ ^ ^ 2 ai z^-^ Ai^ 7 f^^ Ar, Cl 2 1- ci i^V^ ?M wl.^-3isl-cf. 

<43> ^AjojHl aI^H A-| , AJ-7] AVH.^o^nV^ ^fi^o} 71^^^-^ #HfSn> 7^ ^ 
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<44> |Alo|o| olo^A^ ^71 tf^^^r #71 #^ 1-^^ Ttfl^o^ ^-«-^^4 ^#*> 

*1 #71 #J^^Sl Spfofl ^Ci^ ^^1- ^*K£^- #71 #^-^£| #-¥-S^4 ^ 

3 5J #71 ^f^^ #ofl ^#^Cf. 

<45> #71 #^-^«a^* *§#*>7l ^ofl, #7l #^^, #71 #^31- #^BV sflel, Aj- 

71 * #7l sp^'S^Hl e)n 3^3*r sq^M- tcfel- ^is 

cl *§#^- *r $m. °H, #71 #^-^^^ #71 sljl^^ #<Hl 

cf. °1 3-9- , #71 ^^^nvc. xv^^^(SiQ2), ^SRJsl^(SiN x ), ^#3^ 5} ^( Si ON) , 

#Sf^ol^-(A10x), #^El-^-(Ti02) ) #^^#(13205), #^>H^-(Hf0 2 ) ^ <^ ^1-M- 
Stt *m o^o} ^nl-oj^ ^p-^ ^t}-^7l#^^oll o) *fl ^ <& 

<46> a o V 7 ] A o >w.^o^nV^ :g<gnKg- #sH=3 e) ^-(Si0 2 ) , ^SHiel ^(SiN X ) , ^#3}-^^ 

(SiON), #21-^^1 ^(A10x), #51-^^(1102), #^^%#(Ta 2 0 5 ), #sJ-^^(Hf0 2 )^ «H 
^ *M *>i4 ^1#^ 2t^.SAl #£l-^P> 7l#^aV^ H~ fB}s4 W ^^7l#^ 

^ofl sl«fl <8#^ ^ ^cf. 

<47> ol^oflA-1^. ^Jf^ 3E^§# W>^fJ- ^AHIS.^- ^^^c)-. 

°1^> 3E^#-g- ^^Hi-i-^ #^1*1 >g^*l-7ls. ne^M-, 1J- 

o. o^ 7l ^ ^^^ol^l^ ^AHlS-ofl fl^Sl^l ^ !=!-€• ^EflS ^S- -2.*] 

Til -g- ^^1 *}#°1 #-g-§l ^ ^SL^f- *>7l ^5fl Tfl^Slol^^ £ig#ofl olol 

#(3L^r 5]-), SflBl £ <^^1-^ 2=^- ^#^T 7l^>7l ^}cr| a4#Sl^^l ^joltj.. i£th 
^(SE^ 51") ol Cf^- #Ca^r BV) £E^r ?m "#"<H1 Sfl^uKSEfe ^#€^) <a#3<H*lfe 3 
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-fofl ZLSJ-fi- 4€- #(JEtt sJO 7l# 4H1 33 ^ A>o]ofl 

^°1 ^rS. 9X^. #*1H £*H %^-2:«iJl#^ ^A^* uj- 

£ *fl^Kr 7}^ ^7^ H^^l^Hi ^ ^jl^^ 71^ *>^r T^V 

^tbCf. ^. ^ o. AflS.-g- 7>^ 7-1^]l- T^Itt 

^flU ^ <^7H ^7)^ ^iHRr ^ *i^M~g- ¥ ^ 

7l°fl Sl^H A o V ^2(- #^^ V 5fl€^ ^-f- ^, ^Eflo) ^w.^^ Aj-^^. °-^nV 

#-¥-^)£r #^SV afl^ Aj-o]} ^*1*H ZL^iLtf d) ^rf. ^, >££^ 2fl^o] 

A o V ^-^^4 3 ^U}. ^AV # fl*||^i=. #J^^g. 7>^*b 3 

7l^>7l 3)-7fl ^ £] ^ ?H ti>^-3l^>cf. ttj-e^, a. ig-^o) 3fl€£: A>^]^^7l 

#S 7>^*V 371 £.tf 3-711 <T 91*}. °1^ ^^-^1 371 M-Ef\+tq-. 

£ 3a^r <H -*UH ofl trf^. 7 >t£ 7-}*J-;« 7fl^3°.3L S-Al^-tj-. £ 3a*1H , 

%^w]J[. 119^ ^l^i^-(*>-?-^i^-)# 7I&I71J1, i21 a ^ irflBi^; 7>^7l 

Jl, ^S^Ul 123a^ ^l2*!^-(^*l^-)^r 7}5lfji}. ^S^J: 117 ^ ^ajjr 129 ^ zj-zj- 

^-^^nV *J Aj-fcL^uKg- 7 >el7jcl-. ^7l ^l^^-(119)-& ^"71 ^^^^"(117)^ ^ 

■i: €^*>*r ^ MoH, ^^^^-(117) ^ #7l ^11^^(119) ^Hl ^"71 ^ 0 V 

^sj- 2fl^(121a)ol ^-7] ^pj^(ii 9 )o)i ^7]^ o.^ ^^^^^ ufl^slji, ^v 7 l ^l2^i 

^-(123a)°l ^7l 4 v ^2l- sfl^(121a) <#«\] wfl^l^cl-. ^v 7 i n^a2la)^r 

zl *\7$o] Aj- 7l A o v«.^^-( 12 3 a )ticf ^-uf. ^-71 ^i-^Sl- #^<3V sfl e} ( I21 a )^- ^>7l ^> 
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i» f-a]ZL^ ^^1^(119)^.^ zl aj^^l EL A. #7] #Jf^(123a)£r 4°<^ 7>^ 

^ flO.^, ^1-^ JH^JES 7>^*V 31-711, ^, ^-g-*>^ 3.7] S. 

7\^r% ^ ^^1 H^W. °1 , '-*7l tfiaa* l-^^l 3flEl(121a)^- ^^4^71 

#o] ^-§-*Hr H7lticfi d 3)-7fl ^ 7> 5a nf. AS. ^S.ZL^a] ^gSL^Y ^ EL 

<50> Aj. 7 i ^^^-(119) ^2 #Jf^(123a)£: Hi €i 

» %M^Rr #H , Hl^Hr, ^^^1 > E]E^- ^elAfol £ L) e]-^- M 

^}o]B.S, ol^ol^] ZL-f-oj)^ AjSlsi o]± e>uf SEfe ol^-o] S ^-nV^ ^ o1cj._ 

<5i> ^mcfl , Aj-71 ^± ^if M£ ^sJ-El^diN), ^aj-^f-CTaN), *J 

3-^11 €(MoN), ^3W.SL#(NM0, ^S)-^^EHy(TiSiN) , ^^-f-^^^CTiAlN), ^2}- 
^-M^(TiBN), ^sH^&|^l=i2-B-(ZrSiN), ^3^3 ^ ^Sfl(WSiN) , <g3|-Ji€-^j ^^l(WBN) , 
H^M^lw^^CZrAlN), ^^^^#el W-^(MoSiN), ^5}-^^^^ ^(MoAlN) , ^ 
^Bl^lr-f-aaSiN), ^^nl^E^TaAlN) , HsHt^El eh(TiON) , ^^s^-f^l^ 
^(TiAl.ON), ^StetaHJi^KWON), ^^fl-^rWCTaON) # *>M-°1^. 

<52> Aj-7] Aj-^^. -i-^sv 3|1^ (i2l a )^r ^dt<?] Te, Se # *<H.£ ^q. ^^^^7 

Ge, Sb, Bi, Pb, Sn, Ag, As, S, Si, P, 0, N #°1H ^H-£ °1^ ^bhs] #^^1 2:^-^. 

S <>1^^. oflfitfl, 2fl^(i2l a )^ Ge-Sb-Te, As-Sb-Te, As-Ge-Sb-Te, 

Sn-Sb-Te, Ag-In-Sb-Te, In-Sb-Te, 5A^ ^dt-Sb-Te, 6A^ ^i-Sb-Te, 5A^ €^-Sb-Se, 6A^ 
€4i-Sb-Se ^-i- S.W ^ $X^. 

<53> ^^^Bi-(129)ol Aj-71 #^^-(123a) £ ^^^^-(117)* Sfet}. <>H , #7) 

^£*Kl29)£- 3fl€(121a)^l ^^a^^f -S-71 
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(123a) 3 *>-¥-ofl ^^(127)7> ^-71 ^*I^(123a)^ ^3.^4 ^ 

-SM ^^^5V(H7) ^Ml ^^^q-. ^71 #^ ^^(1213)* <ycm ^?_> 

^-(127)t7 ±.A -^^1 ^*M) ^-71 ^^^-(119)^ ^-Ei ^1^-^ <l(heatH % 

71 ^-^31- 3fl^(121a) m^i^Rr ^-i; «<M*Rr -9-^$ 1*># 7]^-§- ^Vcf. 

#7] ^^^-(119)^.S-^Bl JL#^ 1°1 a o V 7 1 3fl^(121a)^l 

<54> A o V 7 ] ^^1^(119)^ 7]% ^Ml S^^iB]^ ^O.^ <§<*Mi ^7l^^.s ^^sl 

3-, A <M ^^l^-(123a)^r #7] ^*d<£^(129)°\] afl^lsl^ *\)o)&\ s^olofl # 7 }*\cl3_ 

<55> s., £ 3b^ll 5^1 £ u>2f ^0} ^7} t^^dig), *H^<3^(117), #^ sfl 

^(121a) ^ ^-#^-(123aH 31*11 ^^tt ^St-g- ^ ^Ml^ £.3LQ<&.^ (128)^1 

<56> ^1-71 ^^^5V(128) ^ ^^^^-(129)^ ^^^-(SiC^), ^sRi^^-(SiN x ), ^sj- 

^sHlel^-CSiON), ^rSl-W^l^CAlOx), ^^w(Ti0 2 ) , ^s\-^^(Ta 2 0 5 ) , ^f;}*^ 
(Hf0 2 ) # ^4 ^ ol^-o^ ^^tf. #7] ^5l^^BV(128)^r ^ 

#-8: -g-<y*l ^^s]7l nfl-g-ofl cf^ 5E^(step coverage)°l -f^tb 

yV^-aj-71^ ^lficfl, ^*V#f^ (ALD) , W^l^f^CCVD) - o. a>^-^ ^ 
oj a>^-2l§>cf. til^, aJ-7] ^^^^-( 12 9)^ <£d^ ^^(127)7> ^sq^JiL ^z\ 7 ] oR 
°ofl c}-*> 5LS.^o] ^^*V HVoV-2l-7l^ ) ^^tH, #el-^n> 7j^^(PVD), #3- 
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<57> £ 4a^r £E *HJ-*H# 7fl^^o.S H^^cf. £ 4al 

^SS}^, -tf^ #^ 5fl€(121a')^ ^^^•(119 , )tii4 ^ ^ll^^l-JL^ £ 3a°fl Ji 

o^^l 7 >^ ^«a§>cf. o)6\] ^ ^7} 2fl^(i21a')* t-5l*Rr «1 

^#(127' )°1 £ 4a£] =L^S.r^-t^± ^ ^ 214. £ 3a^ p>^7>^S. #7l ^3)- 

^€(1213')^: ^^(123a')^m- 3 ^ 3711- 7>^lcf. -g- ^H^l 7j-f , 

§^nv sfl^c^la') * ^##(119') ^H^l cg^o] £ s a o\) s_x\^ 7 >^ 7-1^1^ n 

£ 3a^l *>-¥-^(119)^ 3)^3}- ^JE Sfltf. °1 ^lofls] *Hf^(119')3 

.£ 3a^] SHfSi^ ^^(119)^.4 # ^o]^ ( fr}-«-^ ^ l-^nv ^ aV 

o]o^ £ 3a^ ^ ^ojcf. 

<58> SE^- S 4b ofl £Al^ B>S»f ^-O], £ 3bfif d}^7HS, ^-71 *}^-*i^Kll9 ' ) , 

4s} 3-^* iJL^^e|(128')ol ufl^l^g ^ iicf. 

<59> ol^oil^i^ £ 5 ifl*l £ 11-g- %te«H £ 3a, 3b, 4a, ^ 4b<^l S^s} 7 >^ ^*J-^1» 

^-«l*Rr 71^ ^7>» *g Aj wj-^ofl tfl€fl>H *Vtl. 

<eo> ^7] , £ 51- , £i ^TfliL-^ B^^l^Ei(MOSFET) 

a>JE*fl 71^; (101)^1 4l7> g-B] o§<*| ( 103) ^ BSH*1^ (109)1" ^ W . ^1 ^} 
<3^(103)£- #7} «VE*fl 7^ (101)^1 ^€ <3«3iL5>| ^ cgcd-g. *V^*H, 

^3 (LOCOS) HL^r ^(STI) ^ ^*fl^ ^€ ^ OT. A c v 7l BSH*1^ 

Ei(109)^ #7} aV3E^l 7l# (101) ^Hl ^^5]^ ^1^>^ TllolH ^i^- 

(105), zl <#^9) tiV^^l 7l^r (101)^1 °3<Xo)} ?gA£^ ±S L+ ^^(107b) ^ =efl^] 
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(107a)-2-S tr^, 4 v 7l ^^(107b) ^ ^-7] = efl'?] <3^(107a) Jpj 

°<J^, ^, ^"71 Tllo] e ^^-(105) o>sfl^ <^^ol *11^ o_ ^"71 ^ 

(107b) £ -8-71 JEiefloj <^(107a) A>ol^ ^ ^s.s.^sj ^^.o. ^ ^ejjl, 
^(105) £ *fl\g A>oHl^ 711 o|B 7fl7ll^ ol «-o)cq -g-A^o] 7^ 

Tfl^alM, Aj-71 H^^l^Bl(109)» ^1*1 ^#^>^<a^(lll)# ^th=h ^ 

71 ^^^^^-(llD^r AVs}.nVo_ S ^S^, j^V^ 7 1 ^^"(CVD) ^ A>-g- 

cf-g-, iE 6* , ^«ll^(113a) ^ ^ ^^^-(119) ^^W. #7l 

^«fl^l(113a)^: ^>7l H^*]^ (109)^1 <^(107aHl ^7l^^S 3<*r*Rr 51*1^ 

ti^l^. ofl^cfl, ^-71 ^ tifl ^(1 13a )-& TlM^ ^qqs):^ ^ 

cf. a. ^aHI^a^ tr^RKdual damascene) ^r-§-*r^ #7l ^r> «V| C 1 13a ) ^ 

^l^iLJL, ^"71 ^^^^(lll)^: ^E^^H ^B^ti^l HflA] .g. a 

(interconnection groove, 112a) ^ #7l ^(112a)2l <|}^ cg^c]]^ o^*}^ ^v 7 ] ^eflo] eg 
^(107a)# ic#Al7l^ ^^^ (112a ')^- ^^trcf. °1°H #7l tifl^-g- ^(112a) ^ 
(112a' )-§- S^il-^S. *||$) 4>7l ^511^1 ^^(107a)«fl ^7}2*SL£. ^#*r^r ^>7l ^tifl^ 
(113a)# ^^*lc}. °H, ^ofl ^r^, -8-71 ^tiflAi(ii3a)^- , ^Hl Aj- 7l 

^«(107b)^ ^7l^o.S. 
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^ sfl = (ii3b)£ ^, ^-71 yfl^-g- #(112a) 31 €-^*(112a' ^ 

aH seh sfl^-g- 7lj ^( 112b) ^ ^7H1 <g^H ^7l ±$L^ ^^(107b)-i- ic#Al7l^ 
^#(112b')# ^ Wtf . =L^\^-, ^-7) tifl^J-g- #(H2a) 3l ^«-(112a')# 5fl-§- 

"fl, -S^Hl ^ V 7l 7fl^Y(H2b) ^ ^#(112b')£ Aj- 7 ] ^fl^cf. Aj- 7 ] & 

^ sfl = (113b)^ ^ ^ilJL ^€ *}^^-(119)-g- ^71 ^o.^ <^(107b)°fl ^7l^o.S 
^ ^>^1 ^* *}-8-*M ^-7] t}^- tifl^(H3a) 31 ^ 3fl = (113b)l- 

SX*)^, 4^ y o V ^-§: ^4. ^T, #7] ^^^^^-(lll)^; SflEi^H A o V 7l 4l 

^ <3<*(107b) 31 ^])°) ^^(io7a)^- ^#a]71^ ^ ^7} 

^S.^ ^7} ^Hff^^^Klll) A oHl ^^^i, ^-fr 

7fl^r*lH, ^7} S}^ nfl^d(113a) 3l ^ 5fl^(113b) n^Jl #7l ^#^^^(111) 
A oH] ^-^?i^^si-(115)-i- ^"71 ^##^^(111) 31 ^^^^^"(115)01 

^ 91^-. ^7} ^•-¥-^?i^<g^-(115)-i- 5flE^^>^ Aj- 7 ] SEP sfl 

JEL(113b)l- ^#^7^ ^m-(118)^ ^ W. H^l cl-g-, ^-71 ^^#(118)^ 

*fl*-l ^71 ^ 3Efl^.(n3b)^l ^i7l^o.S. 3^r'*Rr *>-?-^^-(119)* ^-7] <5}^*A^r 

(119)^ ^ ^ o)ofl 3$Qis\. ^ (^Tic)], ^S^V*} <£v\ ^ ^ o\)x)*» 

^H, ^AHlcHl Of^Ai, ^1-71 ^^^-(119)^ *]^-g- ^Al7l7l ^*1H, Aj- 7 ] 

^#(118)-§- * ^ ^^sv ^Ma^. d ^£ 

43-18 •.' . 




1020030017694 #^ 2004/2/21 

#7l *Pf£^-(119)^ «-fr*|-*r Qdz ^lif «-fK}*r 

(119)£r ^^Mtf^t^CCVD), t^x D f 7l4^^-^(PVD), ^7>#^^(ALD) ^ ^ ^ 

s^^tHSKMoN), ^5}-M^#(NbN), ^sH^^^CTiSiN), ^^M^-E] Bl(TiAlN) , ^ 
^^^r(TiBN), ^2f^5]^ls S ^-(ZrSiN) ( ^s^b] ^3!(WSiN) , ^SU(WBN) , 

^31-^*1 ^l-^iS-e-CZrAlN), ^Sj-^^€-^^l±^(MoSiN) , ^ JeH<!](MoA1N) , *J 

^^^■^^•(TaSiN), ^^^nl^-^^-^-CTaAlN), ^s)-^5)-E] El(TiON) , ^ JHM^f-^l ¥ 3 
iKTiAlON), ^^-3^^(W0N), ^^5l-Hl.^( Ta 0N) ^ fr}i4o]4. 

A <M ^-#^(119)^ «aoflS>H ^Vf^^ofl ^*fl ^^^lwEm^OriAlN)* ^-g- 

71 vflS ^^^.^^(o-oi) a o v 7 ) ^bh^(h8) tiV£^l yl^ofl Al^cf. o]^ 

*i ^(purging) 7} + ^ E]^^r 3^1*1^1 ^ (^7} <Z}^-sL afl#) 

£± 7>iSAi ^ s _q oKNH3)1 . a>o. 7l ^ MiLVB^. ojofl n|-ej- ^sl- E}E}-^31- 
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Tfl-l-S. ol^c^^l i£o) A>ol^-^- ti>^-*}^A^ Qz>}±± TiAlN^ ^tW- 

< 69 > £ 7^- #^*H , A oM ^^^•(119)^- ^, ^-71 ^^^^"(117) ^, # 

71 tf^^^UlS) >JW #^(121) £ <8"¥-3i^Kl23)-3: ^7] 

Sj- #^BV(121)^r fe^l ^<?1 Te, Se ^ ^°]S. *>q- xjB^jn. Qe, Sb, Bi , Pb, Sn, 

Ag, As, S, Si, P, 0, N #<HH *>M- ojAj- A}EM:g #23^ ol^^icf. 

^cfl, A oM ^ v ^Sf #^^-(121)^r Ge-Sb-Te, As-Sb-Te, As-Ge-Sb-Te, Sn-Sb-Te, 
Ag-In-Sb-Te, In-Sb-Te, 5A^ ^i-Sb-Te, 6A^ ^4i-Sb-Te, 5A^ ^4i-Sb-Se, 6A^ 
-Sb-Se ^ ^s^l S.^ ^ 9X^. 

<?o> <aj <i^i, Ge-Sb-Te-i: ^3*3 wj-^^- A}-g-<5}<*] ^^Kr ^-fl- ii^W. Ge-Sb-Te 

1- ^SLS- °f 10mm Torr 3\ °}^, 500^-S^ DC s)-3HH , ^ 100 1000A2] 

^1 #7l #^3}- #^s]-(121)-i- 

<7i> #7l ^^^(123)^ SW^tf^^, #e^7l^^ , ^7>f^^ ^ ^ 

# A>^0^ - SU^, #7} ^^^-(119)3]- ^>-8-*><^ 

A oM ^-^^(123)-^ H± ^"R-^ 5L^ A 3 £ 

Hl-<H1^ ^£ *1M- iE^r ol^-o] ^ ol^j- 3^ £H§^ ^ £1^. 

<72> <g a\}3_A-] ^ZLv} 7 ]A 0 l--aV^ o. A >-g- <5>c*} ;g 3*^*1 ^3 E^ o_3. ^ 

^ ^-f* ° a ^^E]^ ^Sol(20 s]^;eo} W^l^-)!- K±^SL3. f>}±: 

DC ^3^0^ , qt 3mm Torr o) o>5.^. t 01 3mm Torr o} ^ ot i500^B^ DC sj-^ 

^ 100 1000 A ^7)1 #71 "4 (123) -8: ^ XZ^-. 
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<73> Tfl^lH 5- 7# #71 ^#^(123) A oHl tf-f-^ 2.°^ ^ 5L£ 

efl^^B^ 1 - sfl€(125)* 
<74> cf^- 8* <tf7l £1 efl^l^H^- sfl^1(i25)-i: ^ v}+=L^. A}-g-*H , 

A o v ^-^^^ v (123)# ^t}c^ ^^i^-(123a)* ^tr^. °H , Aj- 7 j #^(123)21 a]z}- 

£r CF 4 7>i# i^*Rr 7>^# A>^-^-Cf. O.S #7l ^^^-^(123)^ Al 

^ CF 4 , Ar, Cl 2 # if-^fe ^ 7>i# A}-g-*B4. 

<75> Tjl^sH^ AT-7] ^igSj. ^-^nV( 12 l)^ ^Z^o) £ 9 ofl t=a]s) ti>^- ^-o] 

^(ma)^ ^tr^f. °H1 ^ ^^^-(119), M*J- 3fl^(i 2 l a ) ^ 

^(123a)CLS 7]-^ (124)7} ^^t}. ojiti], ^- 7 1 #^<3| ^ ^--T-^^" 

<76> o\7)*\, £ t^ofl Aj- 7 -| ^^^rtf Al^ ^ ^7l 

nfl, CF 4 7}^ -fr^ $3 ^ a]71^^ AizM- ^J*IW. °H ^^q-(123a) Jicl- 

4^ 371^ #£3}. 3fl^(i2i a )ol ^^^cf. 

< 77 > Sl^r ^-71 ^Y^^a- ^~§-£ CF 4 ^ -fr^cf *f£r -R-^o] C p 4 # A>-g-tb4 

. £t CF 4 1- a>^-^1 ^r-i- ^£ OlCf. 2f Aj- 7l ^^^-nT. (1 23)0, zv^ C F 4 , Ar , Cl 2 7V 
^* Ar-§-*>^l -tf^Sr #^^-(121)^1 rfltr ^*M- Ar, Cl 2 7}if A}-g-5]-aj ^ £ 

<78> £ «Vx^ofl ff}-3^ ( A>^-5)^ CF 4 7}+°) -fMM T%E±A\ ^ Aj S\ ^ ^s\- #^nV sfl 

(121a)Sl H7l7> ^tr^. ^, ^tfl^JLS ^ ^ CF 4 # A)-g-^- ^s. ^^^^ aJ-^s). 

^ (121a) 54 3.7}^ Zfcf^lc]-. CF 4 -R-%=* ^^o.iM ^sf^ a.71^ av 
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#^ Jfl^(121a)-g- *r 5W. ^r, £ 3a*IH^ ^^^-(123a)^-^ ^) 

^ Spf3l^Kll9)tiL^ €■ ^2}- #^5]- Jfl 121a), £ 4a4M^ #^-(123a) ^ 

*!~¥-Sl^-(li9)Ji4 ^ #£sj- 3fl^(i2la') ^-i- ^ 

^ ^-M-id ^o.^ £ 10 ^ £ 11* ^<sH -gig 3. *lcf. ^ , £ 9 

» A oM ^(123a)* iiSL^- A oM *HM£«Kll7) >*H tf^^ 

(129)* 

^7} ^^^^-(129)^: S.S.^o] #ej-^n> 7l^3>^, #e|^n|- 

^^71^^ A}-g.SH ?H W>^^]*>4. ^, -*7l ^^^^-(129)^: 

A o v 7l ^s)- 1-^^ *fl^(121a)3 #7] #^3l^Kl23a)^ s>^-ofl cj 

33 ^ *>•?-( 127, £ 3a %Sl)7\ ^7} ^Hf^U23a)^ ^ *j 

*>-¥-^^!^-(117) ^oHl ^€3". ^7] ^?>-¥-(127)Sr ^-71 tfiga* 5fl^(121a) 

^-^* t^i °1 si £33 *#-¥-(127)fe- ^-71 #^3* #^°v (12 la HI 

S>jJf^ HH|-7^ 147]-^ 51* I^V^S 3j-g-th}. <«ufl, #7] Aj- <^ nV( 129 ) 

£r ^^l^-^(PE-TEOS)^ *§^€ t 5U3-. 
4 s 5. 5d3-. 

St, #71 SX^ol *^*> ^^^^-(129)* ^^*>7l *H1 €*>##^, W 

^7]^^-^ Al-g-wM ^.3L^<g^-(l28)* 3 ^^% v S- 5U3-. °H, ^-71 

^.J:^^nv(128)^ ^"71 *Hf^(119), -8-71 ^^^^-(117), # 
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7} #£3- #^^ 34^ (121a) ^ #-¥-*l^(123a)°l ?Hj*Kr ^l^kfr ^s^- =^ 

^(128, 129) <>fl £}.*1H sfl€(121a)S] ^ofl «] ^#(127)<>1 £ KH 5.*] 

<83> >£ 7 ) ^^^nv (12 9)^- ^3Hg^(Si0 2 ), ^sK^^(SiN x ), ^^^^^(siON), & 
Sj.^.s nl - (A10x)> AV^^(Ti0 2 ), ^HW&-§-(Ta 2 0 5 ), ^5H5-}^T3-(Hf0 2 ) & ^ 5& 

<84> a.s^<gB|(i28) ^sHlel^OiO^, ^SRJel^SiNx), ^S)-^-S)-^e)^(SiON) , 

^^^^-(AlOx), -a-a^El-^CTiOg), ^^^(Ta20 5 ) , = ^(Hf0 2 ) ^ *>M- 

<85> rfo. tr n o. #3.3^ ^- 7 1 A o Vu.^^nV( 12 9)^- 2flE^^ #7] ^€^(123a)-i: 2r: 

Hlo}i(i3i)-g- *§^*}-tf. o}6\*\ -y-71 «W*(131) ^ <#7l ^^^^(129) ^<H1 £ 
^-§-^-1: f^fjl °1S 4^^*H W«fl^(133)-i- ^^W. 
<86> ^l^rfl, ^-71 #«- U fl^o. oJ-JjLnj^ <t^-nl^H] ^^t 1 ^^ E ^ 

<87> Cf^ 0.^ A o V 7 ) tilo>^(131)^- *flO-^ ^*3r ^, CfA] £^1-^^- 

^^>JL <>1* BflE^*H ^wfl^^r Sick 

* «fl M-e^-M-^- tfigs?- #^ ^5L# J^Sfl HSM. ^Hfl 7-^} ^-¥-^ 
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^ #^ev 2fl€°l 3711; 7^1^ ^-f^ tfl-g-*Hr #^ev 

tf-f^ ^ A o V ^^- 3flnd^ ^17> zj-z}- lOOnnH^l 3]^ol 240nm ojji, s 

e^ZL^ *H?-3l^£] *\%o) 80nmol^i -^^] 7 > lOOnm °] ^-f^, ^ -tf 1 ^ sfle} 

3 : t-^17> z]-z| lOOnmolJl ^-^^ 240nm <>1 4 ^^sj- %^ $\Q<>) 80nm 

olZL, s}-^^ 2j^ol sOnm^lJl ^7} lOOnm 91 3-t-# 7>^^tf. 

A o Vl ^s}- #^°v sfl^^ s.^- 0.01 £2 cm £-5. lmA^ ^^ZL^ 2j= 

lOM-^^ -^<# <y 7>*fl iL&ck 

nV^. ^-Efl(^^H) ^EflS. ^#71 ifl Sfl ^iL*V -§-§-^£°J 900*1*1 <Hl. «1 *fl nfl-f 

ixj-^i e14S7> !-7>^^>cf. tiVTg, a. 2)H*Rr ^o_ t ^^ 7} ^ 1689^^ 

4*1 ^ ^3HH ^ns. ^ oisfl^ ?X^r ^oicf. zLei5.s 7fl*l 

ii^°l ^sj^li^H 4^4 & o.^ ; j^-^v ^ vflofl £€- *}o] 

^ t^l £f€ ^3^.3. *fl^sl^o> ^ ^olc].. 
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1] 

^131-^ Jit} €- 7)123^-; zl^ji, 

^7} ^ *\}2^ A\o)o\] 7fl7fl§H #71 ^12^^-Jitf #^3j- sjj^ 

SL^}^- #^3j- dL^>. 
2] 

#71 #^ #^5V 3D €3 A o V -¥-S^2f ^#^1 #71 *fl 2*1^ ^Jfofl 

^« £3c^ #71 ^2*1^1 ^ ^-71 Tfll^^ ^» ^2^c^^ c] 

3] 

711 1 5£^r 711 2 5a°H, 

#7l #^2}- Sfl^^ AV 7 ] afll^iLCJ- ^ ^-71 l#-=f- * ZL ^1^^^ 

^ #*fl $1*1 *Hr ^ #^5> 71^ ^7>. 

[3^8" 4] 

*fl 1 ^ *fl 2 1M1 &<H*1, 

#7l #^3j- ^flBi^- ^-71 14 ^0} a o V 7 ] ^ll^^-o) aV^L^ 

iE^r ZL ^-fofl°> fl*l*Hr Tj^- *>fe #1*13*- 7l^ 
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^i i % se^ *ii 2 *<mi saoH, 

A o v 7l #^ sflBl^- Te, Se # 3*15. *>i4 o]<# Ge, Sb, Bi , Pb, Sn, 

Ag, As, S, Si, P, 0, N f^H ^°]5L *>M- #*J^ 2^.3. ol^c^^l ^-g- jl^i 

[^T 1 * 6] 

*)1 l *J- ^1 2 &<>H, 

7] 

6 %H1 

^(MoN), *JSM-$-#(NbN), ^3HJ3j^ElEl-^(TiSiN), ^IH^IttB) ^(TiAlN) , 

(WBN) , ll^-M^l S-S^CZrAlN), ^sj-^^s^-^ja ^l(MoSiN), ^S^-SM tnffl 
(MoAIN) , ^^^iHtCTaSiN), ^-^^#(TaAlN) , ^Sf^S)-^ ^(TiON) , 

^W^l-B-^ftCTiAlON), ^SKVSJ-^^KWON), ^fl-tlr^-^WCTaON) f 1 *\^9l ^ 

^SLS. t}^ ^s\- 7l<* ^} ^ hj-^ 
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8] 

*n i %hi sa<H^, 

9] 

s]^ sq*^§. tt|-&|- ^-Tfls iLl^^^t 3 ^l*^, olnfl, ^-71 ^2^ 

10] 

*fl 9 %Vofl 5a<H>H, 

^-7] iil^^ ^>^^^(Si0 2 ), ^^el^(SiNx), ^^sH^-ECSiON), 
^m(AlOx), ^^Ef^(Ti0 2 ), <L>^-^#(Ta 2 0 5 ), ^^>H^-(Hf0 2 ) ^ *H- 
q- ^ ^JlS §>fe tfigSj- 71^ ^7.}. 

11] 

*fl 9 %H1 &<H*i, 

^71 *\]2£<&*t-& ^r^^^(Si0 2 ), ^^e)^(SiN x ), ^sj-^Vsf^el^-CSiON), ^sj-^ 
q-e-CAlOx), ^q^(Ti0 2 ), ^-^^(Ta^s), ^*>=^(Hf02) ^ ^ £>M- *>u|- 
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12] 

A 2 ^M^l, 

^oM ^fli^^- ifl^l ^litifl^l; 

^-7] ^lWfl^oll #7}*)°_3_ %4-is}v] 7 )#6\] J=efl<y # 7 ] ^l^ofl 

^71^0.5. ^^^H A oM J= Sfl°l ^ofl o]Z\s)o] Aj-7] 7l ^-oll ^^51 ^o.^ cgcd o] ^ 

^ ^ ^-^5}- 7l«^ 

13] 

A o v 7l 7]& #6fl tifl^ ^H*-^^; 

A oM ^H^^* ^-g-*M A o V 7l <3<*M1 ^7l^o.S «H?-*R-; 

A C V 7l ^^^-^ TAO]^ Aj-ofl afl^^ A 0 V^g). °-^n]- sflHH; 

^-71 ^cHf^^ A cHl tifl^lS]^, #71 #^l[^^-i: #-f^}o| #71 #^-*l^-* ^#^171 
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i^tt 14] 

A 13 %H1 5^^, 

A oM #^3* #^^V Sfl^^ ^"71 *HL*}^-iLtf ^ AV 7 ) ^ ^ -^o} ST>Jf 

IQtt 15] 

*fl 13 SU^i, 

^71 ^3}- 3flli^ ^-71 g}Jf ^Hj- £7] q- ^0> SH^^M ^ ^ 

16] 

*fl 13 %H1 5U°H, 

#*J^ sflBl^. Te> Se - s>uf o]^- ^^£]j7 Ge, Sb, Bi, Pb, Sn, 

Ag, As, S, Si, P, 0, N =g^H 3 ^5. *>M- #^ ol^^l 

AS tf^SJ- 7l<3 4i7s>. 

[^T 1 * 17] 

*fl 13 %H1 &<H>H, 

°l-f-<H*l ZL^-ofl^ s:>u} olA>o] 2:^-0] 5} a^to £ ^ ^3}. 7l 
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18] 

*H 17 StM*!, 

#?1 ili ^-fi-*Rr 51 ^ ^s]-E]H]-(TiN), iJSJ-^f-ttaN), 

iffl(MoN), ^3}-M^#(NbN), ^^^^(TiSjN), fKTiAIN) , 

^^^^^(TiBN), ^^^€-^s^(ZrSiN), ^sHisl ^ i^l(WSiN) , ^ska^^ 
(WBN) , ^SHH 5 -^*! si2^-(ZrAlN) ( ^sH^^-l-el J*^ (MoSiN) , ^S)-^^ ^ 
(MoAIN), ^3H^^iH§-(TaSiN), ^°^*l^ 1 i--§-(TaAlN) , ^SH+aj-E] ^(TiON) , ^5)-# 
^-^^^•^^(TiAlON), *}3l-# £W (WON), ^sHW^%#(Ta0N) # <^ *>M-<^ sJ-g- ^ 
^AS S}^ #<££}- 7l<* i^} ig# w o V^. 

19] 

all 13 *J-oll &<>H, 

#?1 Aj.«.^^uV^ AV 7 ] AT-t^^ # ^n^ 3]]^ Aj-JjL^s}. ^4=-^*] #7l #^d^" 

H^r ^ ^J^S *>tt #£3j- 71^ db7>. 
20] 

*fl 19 *<H1 $1°]*], 

#71 #^-^1^-, #71 #^SJ- #^nV *>Jf^ ^ #71 S>Jf^<3sH| ^)*fl ^ 

^# ^1^ 1421- ^15. iLJL^^Kg- C-l ^Hl*>Sl, o]nfl ( # 7 ] #«. 

^nVO. a o V 7 1 ilJr^cgnV AVofl ^ *1 ^# ^ #^S}- 7^ dl*h 
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21] 

20 *<M1 91°]*], 

^l^CAlQx), ^Hl^diOa), i^^tf(Ta 2 0 5 ), ^Sj-*}H^(Hf0 2 ) # ^ ^ HL^r 
22] 

20 * 0 H1 , 

^•^^•(AlOx), ^51-^^(1102), ^^^(Ta 2 0 5 ), ^^MH^) ^ *>M- 2Ltt 

M- s^-<y 53 -a- ^ ^-^5}- 

23] 

*)1 13 *<H1 &<H*1, 

^£)^r ^2:1" ^B}- ^«J# ^Jl^^ ^ti]^, ojnfl, 4V7I 

24] 

^^nKg. 7]^ *fl^-*H^ ^7^1; 

31; 
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A oM ^ ^-^51- §^ afl^o] ^40] 7 )^. %q 

[^% v 25] 

*n 24 %hi 

*8^*Rr #31; 

^> H c V ^. 
26] 

*n 25 %hi 5a°i*i, 
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#71 #Jf^5Hl tfltb ^1^^ CF 4 1- S^Rr 7}^% AV-g-^Jl, ^-71 ##5}- 

cfltb A]2^A^r #7] #2* 7>i» A>^-§>^ AlZ]-o] X^Sl^ CF 4 

7}i<q -f}-^o} ^ #^3^ 3* ^8 -2.-3. t}^ 7]^ 
27] 

*fl 26 sa°H, 

#71 *fll^zt ^ .^12^1^21 ^z}- Ar, Cl 2 » itr*r£r 3^8: ^K 1 #€ 

^-71^ 4i7> ^ 
28] 

^1 25 %H1 5U<>H, 

A oM #Jf^ 1 3Hl tfl$ m^^r CF 4 , Ar, Cl 2 ♦ i^*Hfr #^ 7fif ^>-g-^, # 
71 #^Sr #^^1 cfltr *fi2#Zf£r Ar, Cl 2 # i^Hr #^ 7>^* a}-^}^ ^ 
^rfe #^^- 7l«>l i^l- w o >^. 
29] 

24 %H1 sa^i, 

SB^^^ ^^lt 7l^ ^l^m #31^, 

#71 7l^r #ofl ^O.^ =eflo] ^ 711 olH ^€ H^^l^Hil- ^ 

#*Rir Ml; 

#71 H^^liElf % 7 ] 71^- #ofl Z\]l^#%<£^ %^\^ u^; 

#71 ^lf^^^ #<^1 #71 i^.^ ^ofl ^7l^O.S ^#3T>^ ^ 5£fl^ ^ #7l 

^.eflo] <3<*m ^7i^o.5. ^*Rr ^tifl^i* ^Hl ^#*Rr Ml; 
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A J-7l ^^ifl^ofl s>^-^-g- *H4-fe ^-TflS ^-$=1*1. 

^ #311- 3 i^R^ t>}tt 7]<q ±_z\ 

30] 

*fl 24 %H1 'fl^H, 

A o V 7l ^^q- ^ ^-^Sj- SHU^ AV 7 ) ^-«-^o^nV^ ^<5> 7 j ^ofl 

7>^^^ 13 5}-^7l^H^^ A}-g-^ ^>Jf 4^ ^H*!: iLl^-a^ 

* ^*Rr ^TTfll- ^ i^Rr ^ ^<LS- f>}^ 71^ a o V^. 

31] 

24 %H1 $a<H^, 

°i ^-^^-5. ^ 7l<^ « 0 >^ . 

32] 

*fl 24 &<>1^, 
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tt%<&^& #£3j- 3flBjo} # 7 ] #-JjL^ 

3* ^-^^-S. #^5}- 7]^ ±7} « 0 >^. 

33] 

^1 30 1H1 

A oM #7} #^SV AVtL^Tg^ *^}7.} ^ AV 7 j #Jf 

^ ^H^l ^^1- #71 #^-*l^-sl #^fS^*l- ^ ^ #71 SB^^ #sl 

[^^J- 34] 

33 *<H1 Sl^i, 

#71 lli^^ ^^^^(siQs), ^^el^(SiN x ), ^sl-^sHiel^CSiON), #5}-^ 
^ D l^(A10x), #S)-ElEl-^-(Ti02) , #^-^#(Ta 2 05), #^>^(Hf0 2 ) # ^ *V 

#^5}" 7l<^ db7>. 
35] 

34 %H1 5^1, 

A o v 7l #^<a^ #^el^-(Si0 2 ) ( ^3H^€-(SiN x ), ^sRVsH^^ 

(SiON), #21-^^1 tb-(AIOx), #S}-BlEl-^-(Ti02), #Sl-^#(Ta 2 0 5), ^*>H^(Hf0 2 ) ^ <>1 
^ *>M- ^ °l#Sl ^^S.A-1 #S}^nl- 7l#^aV^ ^H^u} 7^ S|-«l-^7l#^ 

^ofl o^fl ^#5] if- ^ ^ #^ 7l^ 4i7>. 
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36] 

A 32 %H1 5^*1, 

^-71 *i<2^ #5Hi£|^(Si0 2 ), €^^s (SiNx)) ^xy-2[^3- 

(SiON), ^^^^(AlOx), ^-^Ef^-(Ti0 2 ), ^>^^-#(Ta 2 0 5 ), #5HK*Tr(Hf0 2 ) # <H 

37] 

CF 4 1- S^Rr ^4 7}if Aj-g-^o} AV 7 ] #«.^nKg_ Al £7]); 

#7) 7}if ^sKr CF 4 2] Al^>^ 

5E^Rr 3# ^ #^S)- 7l<3 ^7]- ^ H C V^. 

[*J^ 38] 

A 37 *M 

A oM ^4 7>i^ Ar, Cl 2 7fif D) Sf^Kr ^-§- ^jO S ^ aV^jt}. 7]^ ^ ^ 
39] 

Ar, Cl 2 , CF 4 ^ 7>i# A}-g-i5H #71 Aiz^Rr cfTfl; 

Ar, Cl 2 ^ 7>^# Af-g-^o] # 7 ) AVt^ c^ll- i^>^ 

*>*r #^Sf 7)*\ ^} w o V^. 
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